High-spin states of 40 K have been populated in the fusion-evaporation reaction 12 C( 30 Si,np) 40 K and studied by means of γ-ray spectroscopy techniques using one AGATA triple cluster detector, at INFN -Laboratori Nazionali di Legnaro. Several new states with excitation energy up to 8 MeV and spin up to 10 − have been discovered. These new states are discussed in terms of J = 3 and T = 0 neutron-proton hole pairs. Shell-model calculations in a large model space have shown a good agreement with the experimental data for most of the energy levels. The evolution of the structure of this nucleus is here studied as a function of excitation energy and angular momentum.
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I. INTRODUCTION
The region around the N = 20 and Z = 20 shell closures has been subject of a number of experimental and theoretical investigations. Single particle excitations, with configurations based on a spherical core corresponding to a shell closure, and collective excitations, in particular superdeformed rotational bands, are present in the 40 Ca [1] and 36 Ar [2] [3] [4] nuclei.
These phenomena are the focus of a recently revived experimental interest in this region [5, 6] . These rotational structures are not only present in the even-even nuclei, but regular rotational bands of unnatural parity states have also been observed in odd-A nuclei, for example in 43 Ca, 45 Sc and 45 Ti [7] [8] [9] as well as odd-odd nuclei, for example 46 V [10, 11] .
While the primary goal of the present experiment was the performance evaluation of the AGATA detectors [12] [13] [14] , new results have been obtained for the reaction products, demonstrating the large sensitivity and efficiency of the AGATA spectrometer. In particular new results have been obtained for 40 K using γγ coincidences employing just one AGATA triple cluster (ATC) detector.
The existing knowledge of high-spin states in 40 K is limited to the yrast band with J π ≤ 9 + and two negative-parity states with J π = (8 − , 10 − ) and J π = (9 − , 11 − ), respectively. These high-spin states were studied using fusion-evaporation reactions, in particular: 37 [18] . Using the weak-coupling ansatz between particles and holes [20] these states have been interpreted as part of a 5 + ≤ J π ≤ 9 + multiplet obtained by coupling a proton-hole pair d 3/2 (J = 2) to the 7 + state in 42 Sc [19] . Furthermore, the same calculations predict a close lying 3
multiplet from a 42 Ca(6 + ) core that couples to a neutron-proton hole-pair in the d 3/2 orbital with T = 0 and J = 3 [19] .
The importance of isoscalar spin-aligned neutron-proton pairs for N ∼ Z nuclei has been the focus of much recent experimental and theoretical work at the N = 50 and Z = 50 shell closures [21] [22] [23] [24] [25] [26] . In the N = 20 and Z = 20 region these pairs have also been discussed for Sc isotopes and related to the softening of the restoring force of dipole vibrations [27] . The γ radiation was detected by the first ATC detector [29, 30] . As the primary goal of this experiment was the performance evaluation of the AGATA detectors [12] , data were collected at two distances between the front face of the ATC detector and the target: a close setup with a distance of about 55 mm and a far setup with a distance of about 235 mm.
II. EXPERIMENT AND DATA PROCESSING
The position of the detector with respect to the direction of the beam in the horizontal plane was θ beam = 75.1 degrees. The beam intensities were about 0.3 pnA and 3 pnA for the measurements at the close (6.5·10 8 events) and the far (2.8·10 8 events) distances, respectively.
Doppler correction was carried out using the first interaction point in the ATC as provided by the tracking algorithm, assuming an average recoil velocity of v/c = 4.8 %. For further details about the experimental setup and the data processing, see Ref. [12] . After pulse-shape analysis and tracking, the reconstructed γ rays were sorted into a γγ-coincidence matrix.
Using this procedure it was possible to use events where several γ rays were detected in the same crystal, or scattered between crystals, in the analysis. The total projection of the resulting γγ-coincidence spectrum is shown in Fig. 1 
III. ANALYSIS
Several new γ rays were assigned to 40 K based on the γγ coincidence relationships observed in this experiment. In particular, the following γ rays, that were reported but not placed in the level scheme of Ref. [18] , have been observed also in the present work: 811, 917, 939, 1526, 2269 and 2791 keV. All γ rays observed in the present work are shown in Fig. 2 and summarized in Table I . Three γ rays that could not be placed in the level scheme were observed in this experiment at 323, 917 and 1792 keV.
Since, as mentioned before, the main objective of the experiment was the detector performance, the particularities of the setup prevented to reproduce accurately the detector-target distances with calibration sources, consequently the direct measurement of efficiency calibration data was not possible. Instead, it was necessary to resort to Monte-Carlo simulations,
performed with the Geant4 library [12, 32, 33] , checked with efficiency measurements at standard distances and finally verified by comparing the obtained intensity ratios to previously measurements. This gives an estimated systematic uncertainty of the measured intensities of about 17%.
The data set obtained with the 58 Ni stopper foil was analyzed in order to search for short-lived isomers. The time it took for the evaporation residues to reach the stopper foil was about 0.15 ns. Any γ ray which is associated with an effective lifetime longer than about 0.1 ns should, therefore, have narrow peaks in a spectrum created without applying 
Similarly, a systematic uncertainty of 17 % was added to I γ . States and γ rays labeled with * are observed for the first time in this work, while γ rays labeled with ( * ) were reported in Ref. [18] but not placed in a level scheme in that work. Intensities labeled with 1 could not be measured in this work due to strong coincidences with 38 Ar transitions and have instead been obtained from
Ref. [31] . The width of the arrows corresponds to the intensity of the γ rays. For the positive-parity states, the assigned configurations in the weak-coupling basis are also shown.
any Doppler correction. Fig. 3 shows a γ-ray spectrum without Doppler correction that was created as the sum of gates on the 892 keV and 1651 keV γ rays. These γ rays correspond to two strong low-lying transitions in 40 K depopulating the known 7 + isomer at 2543 keV (see the level scheme in Fig. 2 ) with a half-life of 1.09 ns [31] . Since no other statistically significant peaks are visible in the spectrum shown in Fig. 3 , no states could be identified Table I . 
A. Coincidence analysis
The level scheme in Fig. 2 was constructed using coincidence relationships between the observed γ rays. Typical examples of γγ-coincidence spectra from this experiment are shown in Fig. 4 .
Our data confirm the previous placement and assignment of the excited levels up to spin (10) − . In particular for all levels we could verify the coincidence relationships between transitions.
A new level is placed at an excitation energy of 3354 keV. The line at 811 keV is in coincidence with the 1651-keV and the 892-keV γ rays, see A summed coincidence spectrum for the observed γ rays with an energy up to 3000 keV is shown in Fig. 5 .
B. J π assignment
Tentative spin and parity assignments have been made of some of the new levels. Unfortunately the limited angle subtended by the detector prevented the measurement of angular distributions and thus the assignments had to rely on the comparison of the branching ratios to Weisskopf estimates. The relative intensity of the transitions were estimated according to Ref. [34] . In order to obtain an estimation of the intensity, I W , of the γ ray for a given multipolarity, the decay widths have to be multiplied with the strength, S, of the transition.
The transition strengths, S, are not known explicitly for each level, but under the assumption that they are similar for similar types of transition in a given nucleus they can be in Fig. 2 of Ref. [34] .
With these values it was possible to reproduce known intensities within a factor of three in most cases, and within a factor of ten in the worst case. When the wrong parity was used for known states, the intensities differed three to five orders of magnitude.
A tentative assignment of spin and parity was possible for the lowest lying levels discovered in this work assuming a mixing ratio of δ = 0 for the transitions. These assignments are shown in Table III .
For the states at 7472 keV, 7748 keV and 7995 keV it was not possible to unambiguously restrict the spin using this method.
IV. DISCUSSION
As mentioned in Sec. 1, Ref. [19] interprets the yrast positive-parity states with 6 + ≤ J π ≤ 9 + as arising from a proton-hole pair (J = 2) in the d 3/2 orbital coupled to the 7 + state in 42 Sc. In the same reference, the weak coupling calculations also predict a positive-parity multiplet with 3 + ≤ J π ≤ 9 + due to a 42 Ca(6 + ) core that couples to a neutron-proton holepair in the d 3/2 orbital with T = 0 and J = 3. The highest spin state in this multiplet, 9 + , is predicted at an excitation energy of 5.23 MeV, which is just slightly lower than the (9 + ) state at 5333 keV, tentatively identified in the present work. For the high-energy negative-parity states, several different configurations, lying close in energy, could be assigned. Below 8 MeV
3/2 (T, J) multiplets with isospin T , spin J and excitation energy E(J π max ) of the highest spin state in the multiplet were predicted in Ref. [19] :
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It is not possible to unambiguously assign the observed high-energy negative-parity states to any of these configurations, or combination of configurations, using the current data.
Shell-model calculations have been carried out using the code ANTOINE [35, 36] [37] . Up to six particles are allowed to move from the sd to the pf shell. The results of these calculations for the yrast and yrare states with 6 ≤ J ≤ 10 are shown in Table V Table V , the interpretation of the yrast states dominantly belonging to a (πd The negative-parity states at high excitation energy are clearly dominated by the (πd 
